Enterococcus faecalis EJ97 produces a cationic bacteriocin (enterocin EJ97) of low molecular mass (5,327.7 Da). The complete amino acid sequence of enterocin EJ97 was elucidated after automated microsequencing of oligopeptides generated by endoproteinase GluC digestion and cyanogen bromide treatment. Transfer of the 60-kb conjugative plasmid pEJ97 from the bacteriocinogenic strain E. faecalis EJ97 to E. faecalis OG1X conferred bacteriocin production and resistance on the recipient. The genetic determinants of enterocin EJ97 were located in an 11.3-kb EcoRI-BglII DNA fragment of pEJ97. This region was cloned and sequenced. It contains the ej97A structural gene plus three open reading frames (ORFs) (ej97B, ej97C, and ej97D) and three putative ORFs transcribed in the opposite direction (orfA, orfB, and orfC). The gene ej97A translated as a 44-amino-acid residue mature protein lacking a leader peptide with no homology to other bacteriocins described so far. The product of ej97B (Ej97B) shows strong homology in its C-terminal domain to the superfamily of bacterial ATP-binding cassette transporters. The products of ej97C (Ej97C) and ej97D (Ej97D) could be proteins with 71 and 64 residues, respectively, of unknown functions and with no significant similarity to known proteins. There are two additional ORFs (ORF1 and ORF6) flanking the ej97 module, which have been identified as a transposon-like structure (tnp). ORF1 shows similarities to transposase of the Lactococcus lactis element ISS1 and is up to 50% identical to IS1216. This is flanked by two 18-bp inverted repeats (IRs) that are almost identical to those of ISS1 and IS1216. ORF6 (resEJ97) shows strong homology to the resolvase of plasmid pAM373 and up to 40 to 50% homology with the recombinase of several multiresistant plasmids and transposons from Staphylococcus aureus and E. faecalis. These data suggest that EJ97 could represent a new class of bacteriocins with a novel secretion mechanism and that the whole structure could be a composite transposon. Furthermore, two additional gene clusters were found: one cluster is probably related to the region responsible for the replication of plasmid pEJ97, and the second cluster is related to the sex pheromone response. These regions showed a high homology to the corresponding regions of the conjugative plasmids pAM373, pPD1, and pAD1 of E. faecalis, suggesting that they have a common origin.
Many gram-positive bacteria secrete antimicrobial substances of ribosomal synthesis known as bacteriocins (13, 16, 27, 58) . Among them, the best studied microbial group is the lactic acid bacteria (LAB), including Lactobacillus, Pediococcus, Lactococcus, Enterococcus, Streptococcus, and Leuconostoc, in which many bacteriocins have been characterized at the biochemical and genetic level in recent years (18, 27, 34, 37) . LAB bacteriocins have become attractive as natural food preservatives. In general, they are small cationic peptides that are hydrophobic and very stable to heat and pH extremes. They can be grouped into at least three or four classes (28, 37) , although other classifications have also been proposed (58) . Class I comprises lantibiotics, which are small membrane-active peptides containing modified amino acid residues, like lanthionine; class II includes the small heat-stable non-lantibiotics, which are divided into subgroups IIa (Listeria-active peptides of the pediocin family, with a YGNGVXC consensus sequence), IIb (bacteriocins whose activity depends on the complementary activities of two peptides), and IIc (which is uncertain and has been suggested to include thiol-activated and sec-dependent secreted bacteriocins); class III includes large heat-labile bacteriocins; and class IV is claimed to consist of peptides that require other constituents for their activity (lipids and carbohydrates). However, this classification probably needs to be widened to include other peptides that cannot be properly placed in any of the other groups, such as enterocins L50A and L50B (11) and enterocin Q (12) , which are devoid of leader peptides; lactococcin 972, a new bacteriocin that inhibits septum formation in lactococci (30) ; and the cyclic peptide enterocin AS-48, produced by Enterococcus faecalis (31, 32) . Since many of these inhibitory substances are likely to meet the GRAS (generally recognized as safe) status, their use as natural food preservatives has also been widely investigated and discussed (13, 17, 46) . Bacteriocins from fecal enterococci have received much less attention. Nevertheless, interest in them has been renewed because enterococci are natural inhabitants of the intestine and many of them may be able to produce antimicrobial substances, which may play an important role in governing the complex microbial interactions taking place within the gastrointestinal tract. Moreover, enterococci are frequently found in fermented foods, and many of the bacteriocins produced are active against food-borne pathogens such as Listeria monocytogenes (26, 33) and Bacillus cereus (1) . To date, only a few bacteriocins from E. faecalis have been characterized at the biochemical and genetic levels. Among these are the hemolysin-bacteriocin (which is also classified as a lantibiotic) encoded on the 58-kbp conjugative plasmid pAD1 (25) ; bacteriocin 31, an antilisterial bacteriocin encoded on the 57.5-kbp plasmid pYI17 (57) ; the cyclic peptide enterocin AS-48, encoded on the 60-kbp plasmid pMB2 (31); and enterocins 1071A and 1071B, two antimicrobial peptides produced by E. faecalis BFE 1071, which show homology to the ␣ and ␤ peptides of lactococcin G (4, 20) .
Enterocin EJ97 is a low-molecular-mass (5,340 Da) cationic peptide produced by E. faecalis EJ97. It is active on grampositive bacteria, including enterococci and species of Bacillus, Listeria, and Staphylococcus (22) . This bacteriocin has been purified and characterized previously, and its N-terminal sequence has been elucidated up to residue 18 (22) . In this report, we present a study of the protein sequence of EJ97 and the genetic characterization of the region harboring the EJ97 gene cluster.
MATERIALS AND METHODS
Bacterial strains and media. E. faecalis EJ97 was isolated from municipal wastewater (22) . E. faecalis OG1X was obtained from D. B. Clewell (Department of Microbiology and Immunology, School of Medicine, University of Michigan). All enterococcal strains were grown at 37°C in brain heart infusion (BHI) broth and maintained as frozen stocks at Ϫ20°C in BHI containing 20% glycerol. Escherichia coli DH5␣ (Bethesda Research Laboratories) served as the host of the recombinant plasmids and was grown at 37°C in Luria-Bertani medium with vigorous shaking.
Bacteriocin purification and amino acid sequencing. Enterocin EJ97 was purified from E. faecalis EJ97 stationary-phase culture supernatants as previously described (22) . The bacteriocin protein concentration was determined by the method of Bradford (9) . After purification, 50 g of EJ97 protein was digested with endoproteinase GluC from Staphylococcus aureus strain V8 (Roche Molecular Biochemicals) in 20 mM sodium phosphate buffer (pH 7.0) for 4 h at 37°C, at an enzyme/substrate ratio of 1:40. The same amount of bacteriocin was hydrolyzed with cyanogen bromide (Sigma Chemical Co., Madrid, Spain) as described elsewhere (14) . The resulting peptides were separated by reversedphase high-performance liquid chromatography on a Vydac C 18 column (4.6 by 25 mm; The Separation Group, Hesperia, Calif.) equilibrated in solvent A (10 mM trifluoroacetic acid in Milli Q water). The material retained in the column was eluted with a linear gradient (0 to 100% over 30 min) of solvent B (4 mM trifluoroacetic acid in 2-propanol-acetonitrile [2/1 by volume]) at a flow rate of 1 ml/min. Fractions collected from the effluent were lyophilized in a Speedvac concentrator (Savant).
Automated N-terminal sequencing of peptides was performed on a Procise protein sequencer (model 494; Applied Biosystems). Samples were analyzed in a flowthrough reactor bound to a fiberglass filter preconditioned with Bioprene Plus.
Mass determination of the peptides was performed by matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry under conditions described elsewhere (22) .
Conjugal transfer of the enterocin EJ97 trait. The strain E. faecalis EJ97 (Sm s ) was used as a donor in mating experiments with the plasmid-free strain E. faecalis OG1X (Sm r ) by the filter method as described elsewhere (43) . Transconjugants were selected on BHI agar plates containing streptomycin (final concentration, 500 g/ml) and tested for the ability to produce bacteriocin. E. faecalis OG1X served as the indicator strain.
DNA isolation, cloning, and transformation. Plasmid DNA from E. faecalis was isolated as described by Anderson and McKay (3) . Plasmids were isolated from E. coli by the alkaline lysis method (49) . Large-scale plasmid DNA preparations were purified using a Flexiprep kit (Amersham Biosciences). Restriction fragments of the desired size for cloning were separated on 0.7% agarose gels, isolated, and purified with Sephaglass (Amersham Biosciences). Plasmid pGEM3Zf(ϩ) (Promega Life Sciences) was used for cloning experiments. E. coli DH5␣ cells were transformed using the CaCl 2 procedure (49). Transformants containing recombinant plasmids derived from pGEM-3Zf(ϩ) were selected on LuriaBertani agar plates containing ampicillin (final concentration 50 g/ml). General procedures for cloning and DNA manipulations were essentially as described elsewhere (49) .
Nucleic acid hybridizations and nucleotide sequencing. Two degenerate oligodeoxynucleotide probes corresponding to the N-and C-terminal peptide sequences of EJ97 were synthesized and labeled at the 3Ј end with digoxigenin-11-ddUTP by using terminal transferase, as specified by the manufacturer (Roche Molecular Biochemicals). PCR was performed on 100-l samples containing E. faecalis EJ97 plasmid DNA (1.5 g), the primers (1 pM each), the deoxynucleoside triphosphates (200 M each), and Taq DNA polymerase (2.5 U). The buffer was 10 mM Tris-HCl (pH 8.3) containing 50 mM KCl and 1.5 mM MgCl 2 . Samples were covered with mineral oil and subjected to 30 amplification cycles of 1 min of denaturation at 94°C, 1.5 min of annealing at 55°C, and 1 min of polymerization at 72°C. The 120-bp DNA PCR product was partially sequenced, and the sequence obtained translated exactly into the expected peptide segment. From this nucleotide sequence, new nondegenerate probes were synthesized, labeled at the 3Ј end with digoxigenin-11-ddUTP, and used to screen gene libraries by hybridization. Southern blotting was performed by transfer of restriction endonuclease-digested pEJ97 plasmid on 0.7% agarose gels to nylon membranes. Hybridization and detection of the probes were carried out as specified by the manufacturer (Roche Molecular Biochemicals).
Nucleotide sequencing by the dideoxynucleotide chain termination method was carried out with restriction fragments cloned into pGEM-3Zf(ϩ) by using universal, reverse, and synthetic primers. DNA sequences were compiled with the MAP program from the Genetics Computer Group package. The GenBank, EMBL, translated GenBank, and National Biomedical Research Foundation sequence data banks were searched for similar DNA or amino acid sequences by using the FASTA and TFASTA programs.
Northern blot analysis. Total RNA of E. faecalis EJ97 was isolated as described by Martínez-Bueno et al. (32) and separated electrophoretically in a 1% agarose-formaldehyde gel (10 g/lane). RNA was transferred by capillary blotting onto nylon membranes (Hybond-N ϩ ; Amersham-Pharmacia Biotech) in 20ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate) overnight and fixed by UV illumination for 3 min. The filters were incubated overnight at 50°C in a high-sodium dodecyl sulfate buffer at pH 7.0 (7% sodium dodecyl sulfate, 50 mM sodium phosphate buffer, 50% formamide, 5ϫ SSC, 2% blocking reagent, (pEJ97) is shown. Panel II: -HindIII (lane 1); BglII digestion of plasmid pEJ97 and identification of the 14-kb DNA fragment carrying the ej97A structural gene by hybridization with a oligonucleotide probe derived from the EJ97 peptide sequence (lane 2). Panel III: Northern blot of total RNA (10 g) from E. faecalis EJ97 after hybridization with a probe derived from ej97A. The arrow indicates a 0.2-kb fragment. (C) DNA region and deduced amino acid sequence of the enterocin EJ97 gene from E. faecalis EJ97. The presumptive Ϫ10 and Ϫ35 promoter sequences and the RBS are underlined. The inverted repeats downstream of ej97A, which might act as a rho-independent transcriptional terminator, are indicated by reversed arrows.
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0.1% N-lauroylsarcosine) containing 100 ng of specific probes. The probe used in the Northern blot experiments was labeled in a thermocycling reaction using the deoxynucleoside triphosphate-labeling mix of a DIG-DNA labeling and detection kit obtained from Roche Molecular Biochemicals as specified by the manufacturer. A gel lane was cut off and stained with ethidium bromide, and the rRNAs were used as the molecular weight standard. Nucleotide sequence accession number. The nucleotide sequence reported here has been submitted to the EMBL Data Library and given accession number AJ490170.
RESULTS AND DISCUSSION
Amino acid sequence of enterocin EJ97. Two peptides (V8A and V8B) from endoproteinase GluC digestion of EJ97 protein were sequenced ( Table 1 ). The amino acid sequence obtained for peptide A was identical to the N-terminal sequence of EJ97 described previously (22) . Peptide B (Table 1 ; V8B in Fig. 1A ) contained 18 amino acid residues. Cyanogen bromide digestion of EJ97 yielded a large peptide fragment whose Nterminal sequence overlapped by 10 residues with the N-terminal sequence of the bacteriocin known previously (Fig. 1A) . Furthermore, the last two residues of this fragment were identical to the first two residues of peptide V8B. A glutamic acid residue at position 18 in the cyanogen bromide fragment indicated a proteolytic site for generation of V8B peptide.
The amino acid sequence obtained after superposition of the different peptide sequences corresponded to a protein of 44 amino acid residues and a deduced molecular mass of 5,322.3 Da (Fig. 1A) . This value was very similar to that obtained by MALDI-TOF mass spectrometry for the intact bacteriocin protein (5,327.7 Da), strongly suggesting that the deduced amino acid sequence corresponds to the protein sequence of enterocin EJ97.
A conjugative plasmid is responsible for EJ97 production and immunity. Results from hybridization with DNA probes derived from the EJ97 protein sequence indicated that the 60-kb plasmid pEJ97 from E. faecalis EJ97 could carry the information required for EJ97 production (data not shown). To confirm the location of the bacteriocin character (production and immunity) within pEJ97, this plasmid was transferred by conjugation from E. faecalis EJ97 (Sm s ) into the plasmidfree strain E. faecalis OG1X (Sm r , Bac Ϫ ). The transconjugants were selected on plates containing 500 g of streptomycin per ml and tested for bacteriocin production. All the bacteriocinogenic transconjugants isolated harbored a 60-kb plasmid. One of these transformants was used for further characterization by hybridization and endonuclease digestion experiments and as source of the transferred plasmid, which was identified as pEJ97 ( Fig 1B, panel I) .
To ensure that the inhibitory activity detected in OG1X (pEJ97) transconjugants was due to the production of enterocin EJ97, the transconjugants were tested for crossed immunity with the wild-type strain E. faecalis EJ97. The reciprocal resistance detected for the two strains suggested that they produced the same bacteriocin. Moreover, purification of the bacteriocin from transconjugants by the procedure originally described elsewhere (22) indicated the presence of a peptide with an identical retention time on reversed-phase high-performance liquid chromatography to that of enterocin EJ97 (results not shown). Furthermore, the spectrum of antimicrobial activity recorded for the peptide isolated from the transconjugant OG1X(pEJ97) was identical to that recorded for E. faecalis EJ97. Taken together, these data strongly suggest that plasmid pEJ97 carries the genetic determinants of enterocin EJ97 (production and immunity). In addition, the E. faecalis OG1X(pEJ97) transconjugants aggregated in broth, probably due to the constitutive expression of sex pheromone genes harbored by this plasmid. Similar results were described when the cPD1 pheromone-responding bacteriocinogenic plasmid pMB2 was introduced into E. faecalis OG1X (41) . Identification of the structural gene ej97A. Two degenerate oligonucleotides were synthesized from the amino acid sequence of enterocin EJ97 (Fig. 1A) . Oligonucleotide E1 (sense primer) coded for the N-terminal sequence of enterocin EJ97, and oligonucleotide E2 (antisense primer) coded for the Cterminal sequence. PCR amplification with both oligonucleotides as primers and the E. faecalis EJ97 DNA as template generated a 132-bp DNA segment whose sequence translated into a 44-amino-acid residue product identical to the primary structure of EJ97 obtained by Edman degradation (Fig. 1A) .
The structural gene ej97A was located in a 14-kb BglII fragment of pEJ97 after hybridization with DNA probes derived from the EJ97 protein sequence (Fig. 1B, panel II) . This fragment was cloned in plasmid pGEM-3Zf, previously cut with BamHI and dephosphorylated. The new recombinant plasmid (named pGEM-57) was characterized by endonuclease restriction mapping, Southern blotting with synthetic labeled probes, and DNA sequencing. The DNA sequence from the structural gene ej97A revealed a 132-nucleotide open reading frame (ORF) that encoded 44 amino acid residues, corresponding to the primary structure of enterocin EJ97 (Fig. 1C) . This ORF starts with an ATG codon and terminates with a TAA codon. The 5Ј-GGAGGAA-3Ј segment at positions Ϫ6 to Ϫ12 upstream of the translation start codon resembles a Shine-Dalgarno (SD) sequence. Since the 132-nucleotide residue is directly translated into a 44-amino-acid mature protein, this bacteriocin lacks a leader peptide sequence. This peculiar feature is also found in enterocins L50A and L50B (11) and enterocin Q (12) . A search of protein sequence databases revealed no polypeptides with homology to enterocin EJ97. Similarly to most of the bacteriocins described so far, the hydrophobicity plot of enterocin EJ97 indicates that it is a hydrophobic peptide containing up to 48% hydrophobic amino acid residues. It is also quite basic, with a predicted pI of 10.8. Downstream of ej97A there is an inverted repeat that could form a stem-loop structure, representing a possible rho-independent transcriptional terminator. The presence of possible terminator sequences downstream of ej97A may imply that the bacteriocin structural gene is a transcriptional unit. To confirm this fact, the expression of the ej97A gene was studied by Northern blot analysis, using total RNA from E. faecalis EJ97. Hybridization with a probe derived from ej97A revealed a small band of hybridization (approximately 0.2 kb) (Fig. 1B,  panel III) , which corresponded to the expected size of the mRNA for the ej97A gene. These data strongly suggest that the structural gene of enterocin EJ97is a transcriptional unit.
Analysis of ORFs found upstream and downstream of ej97A gene. The DNA sequence of a 11.3-kb EcoRI-BglII fragment of pGEM-57, which carries the structural gene ej97A, was determined after being cloned in pGEM-3Zf(ϩ) (Fig. 2) . Computer analysis of the DNA sequence revealed 17 probable ORFs: 12 of them (numbered ORF1 to ORF12) were transcribed in the same direction as ej97A (ORF2), and 5 (named ORFA to ORFE) were transcribed in the opposite direction. The translation start point for each ORF was tentatively located by several criteria: (i) the overall distribution of the AT content in the third position of the codons, (ii) the codon usage within the putative coding sequences, (iii) the observed similarities between the putative ORF product and those of other genes in the databases, and (iv) the presence of a canonical ribosomebinding site (RBS) at a suitable distance from the putative translation start codon. These are indicated on the map in Fig.  2 . The first G of the first EcoRI site (GAATTC) is designated as nucleotide 1. The ORFs are listed in Table 2 with several annotations. Database comparisons indicated four clusters of genes, some of which correspond to homologues of genes on the pheromone-responding enterococcal plasmids pAD1, pPD1, and pAM373, as well as conserved or hypothetical proteins in Lactoccocus and Streptococcus spp.: (i) the enterocin EJ97 region, (ii) a putative transposase-resolvase module, (iii) genes involved in plasmid replication, and (iv) genes related to the sex pheromone response ( Fig. 2 ; Table 2 ).
(i) Enterocin EJ97 region. Besides the structural gene ej97A (corresponding to ORF2), we found several ORFs that could be related to the bacteriocinogenic character (production and secretion of and immunity to enterocin EJ97) ( Fig. 2; Table 2 ). The third ORF (ej97B) was found only 82 nucleotides downstream of ej97A, and it was preceded by a putative SD sequence (AGGAGGA). This ORF spans 1,752 bp and encodes a 583-amino-acid protein with homologies to the superfamily of bacterial ATP-dependent transport proteins, also known as ABC transporters (19) . Analysis of the primary sequence of this polypeptide (Ej97B) revealed extensive hydrophobic stretches (residues 1 to 300) that were able to form six putative transmembrane domains. Results obtained by FASTA confirm the existence of the two ATP-binding motif sequences GPSG AGKTTIFDL (residues 375 to 387) and RAFLNPTFIIADEVT (residues 492 to 506) corresponding to the Walker A and B motifs found in ABC transporters. Moreover, the B site was immediately preceded by a highly conserved sequence, the C motif (LSGGEKQR), where the Glu is not a conservative change in relation to the first Gln of the signature sequence LSGGQ(RK)QR (51) . Most of the bacteriocin operons described to date encode ABC transport proteins that are involved in both secretion and maturation processes (28, 37) , as well as in bacteriocin resistance in some cases, such as the ABC transport proteins of mersacidin (2), mutacin II (10), subtilin (29) , enterocin AS-48 (32), nisin (52) , and lacticin 481 (44) .
The deduced ORF4 (ej97C) was located 55 nucleotides downstream of ej97B, and it was also preceded by a putative SD sequence (GGAGG). The predicted product should be a basic and strongly hydrophobic protein, with 71 amino acid residues. ORF5 (ej97D) was found 508 nucleotides downstream of ej97C. A putative SD sequence (AGGATGA) was identified upstream. This ORF spans 192 nucleotides and encodes a basic and hydrophobic protein with 64 amino acid residues. Database comparisons indicate that the putative Ej97C and Ej97D are hypothetical proteins of unknown function. Probably, they could act as accessory factors related to the secretory machinery of enterocin EJ97 along with the ABC transporter Ej97B. Furthermore, they could also be involved in bacteriocin immunity.
We also found three small ORFs (ORFA to ORFC) which are transcribed in the opposite direction to ej97A. ORFA (orfA) is located 144 nucleotides upstream of ej97A, spanning 153 nucleotides, and it could encode a 51-amino-acid residue protein with a predicted molecular mass of 5.3 kDa. A putative SD sequence (GAAAG) was located upstream of orfA. The products of orfB (ORFB) and orfC (ORFC) could encode hypothetical proteins with 70 and 38 amino acids residues, respectively (Table 2 ). However, we did not detect SD consensus sequences upstream of either ORF, and their predicted products did not show homologies to other proteins. Therefore, these two ORFs should be considered only putative.
(ii) Putative transposase-resolvase module, present immediately upstream and downstream of the ej97 genes. The EJ97 region (ej97ABCD, and probably the putative orfA) is located between two sequences which may correspond to a transposonlike structure, ORF1 and ORF6 ( Fig. 2; Table 2 ). orf1 potentially codes for a 229-residue protein that shows similarities to the putative transposase of the L. lactis element ISS1 (40, 47) and is 50% identical to the transposase of IS1216, an insertion sequence found in Enterococcus hirae (42) and some transposons from E. faecalis (Tn916 and Tn917). These elements are plasmid borne, although some IS1216 modules also seem to be present on the chromosome. The enterococcal IS1216 and the S. aureus IS257 are highly similar and belong to the ISS1 family (47) . Moreover, ORF1 is flanked by two 18-bp inverted repeats that are almost identical (94%) to those of ISS1 and IS1216, except for a mismatch at position 5 (a T instead of a C): left terminal repeat, nucleotides 420 to 437, is AAAAGAGCTGGGTTTTGT; right terminal repeat, nucleotides 1238 to 1255, is AAACTTTGCAACACAACC.
Sequences homologous to ISS1 are widely distributed among lactococci and are often associated with, e.g., lactose metabolism, proteinase activity, or phage resistance (8, 23, 24) . Many elements of the ISS1 group appear to be involved in the mobilization of nontransferable plasmids by spontaneous cointegration with conjugative plasmids (24, 45, 50, 53) or with a chromosomal conjugative factor (24) . ISS1 has also been found in clinical strains of E. faecalis and E. faecium. Interestingly, a copy of the ORF1 transposase 100% identical to the one described in this work is also present in the recently sequenced E. faecalis chromosome (TIGR database; http://www .tigr.org). The presence of this sequence in plasmid pEJ97 corroborates the hypothesis of genetic exchange between the chromosome and plasmids. Therefore, it would be interesting to determine the extent of genetic exchange between enterococci and other lactic bacteria, including lactococci.
ORF6 (named res-ej97) encoded a putative protein comprising 213 amino acids with a molecular mass of 24.7 kDa, with similarity to a superfamily of recombinases which includes plasmid resolvases. The product of this ORF showed a strong homology (97.2% identity) to the resolvase (orf20) of plasmid pAM373 (15) and up to 40 to 50% similarity to a family of DNA recombinases and/or resolvases of transposons from both gram-negative and gram-positive bacteria as well as enzymes involved in site-specific DNA inversions (39) . The regions of highest similarity correspond to motifs of the recombinase superfamily, and, like the other members of this family, the product of res-ej97 is predicted to possess a helix-turn-helix DNA-binding domain. Such enzymes are thought to contribute to the segregational stability of plasmids by reducing the number of plasmid multimers resulting from homologous recombination (55) . However, on the basis of its similarity to other recombinases, we think that the product of res-ej97 is more likely to be a resolvase involved in the resolution of the cointegrated replicon.
(ii) Plasmid replication region. The segment of DNA between ORF6 (resolvase) and ORF11 was presumed to encode the replication functions of the plasmid since it is a region conserved in members of the pheromone response plasmids in E. faecalis. This DNA region (ORF7 to ORF10) was established on the basis of DNA and protein database homologies ( Fig. 2 ; Table 2 ). The ORF7 (named orf7) encodes a polypeptide of 67 amino acid residues, with a predicted size of 7.9 kDa. Interestingly, it has a high homology (95% identity) to orf21 from enterococcal plasmid pAM373 (15) . Its product is also similar to proteins involved in UV resistance and UV damage DNA repair (the gene is 45.2% identical to uvrC, a repressor of the uvrA gene from the cytolysin plasmid pAD1 in E. faecalis) (38) .
ORF8 (named repB) predicts a gene product with high similarities to members of the ParA proteins; ParA is a family of ATPases involved in active partitioning of diverse bacterial plasmids and includes the bacterial proteins IncC, MinD, SopA, and RepA (6) . These proteins are thought to play a role in plasmid maintenance and replication. ParA proteins ensure the proper distribution of newly replicated plasmids to daughter cells during cell division (6) . The start codon is an unusual TTG and is preceded by a good potential RBS (GGAG) 9 bp upstream.
ORF9 (named orf9) is located 2 nucleotides downstream of ORF8 and spans 294 nucleotides. This ORF could encode a 98-amino-acid protein with a predicted molecular mass of 11.3 kDa and a theoretical isoelectric point of 10.1. A putative SD sequence (GGAGGA) is located upstream of ORF9. This ORF shows up to 33% identity to possible partition proteins in Borrelia burgdorferi (54) , and it could be involved (together with the product of ORF8) in pEJ97 partitioning during cell division.
ORF10 (named repA) encodes a polypeptide of 317 amino acids, with a predicted size of 38.1 kDa, which has a statistically significant sequence similarity to the replication initiation proteins (RepA) from several plasmids of gram-positive bacteria: the enterococcal plasmids pAM373 (15), pPD1 (35, 36) , pCF10 (48) , and pAD1 (59) (68.8, 47.2, 46.9, and 45.3% similarity, respectively) and the staphylococcal plasmid pSK41 (36.9% similarity) (5). This finding establishes an evolutionary link between the replication functions of enterococcal sex pheromone plasmids pEJ97, pAM373, pPD1, and pAD1. Sequence similarity also extends to the nucleotide level between these plasmids (data not shown).
In addition to the these rep genes, the DNA sequence reveals the presence of several structural elements that may represent sites of DNA-protein interaction, represented by small stretches of relatively high AϩT content upstream of repA and the presence of two groups of 10-and 20-bp end-toend direct repeats (iterons): nucleotides 6536 to 6554 (AAAT ATACAA) and 6548 to 6585 (TATACAATGTATATTTTGT A), respectively.
Within this region, we also found another ORF (named ORFD) with an orientation opposite to ORF7 to ORF10 (Table 2; Fig. 2 ). This ORF could encode a 71-amino-acid protein with a predicted molecular mass of 8.4 kDa, without any significan homology to other proteins. A putative SD sequence (GAAAG) was located upstream of ORFD.
(iv) Pheromone response region. A search of the GenBank database revealed that several ORFs from the pEJ97 fragment cloned in pGEM-57 have significant homology to genes of the pheromone response regulatory region of pPD1 (35) , pAD1 (56), pCF10 (48) , and the recently characterized plasmid pAM373 from E. faecalis (15) . These correspond to ORF11, ORF12, and ORFE ( Fig. 2; Table 2 ). ORF11 (designated traC) encodes a product of 545 residues, with a molecular mass of 60.8 kDa. The start codon is an unusual GTG and is preceded by a good potential RBS (GGAGG) 9 bp upstream. Comparison of the amino acid sequence of TraC with those of the TraC homologues from plasmids pPD1, pCF10 (prgZ in this plasmid), pAD1, and pAM373 showed very significant identities (87.9, 79.6, 67.9, and 43.4%, respectively). A conventional (ATG) start site 17 amino acids downstream is unlikely because it lacks a strong RBS. Moreover, the predicted size of the GTG-initiated protein is closer to that of the TraC protein from these plasmids. Like its homologues, TraC has a sequence somewhat characteristic of a surface lipoprotein, with amino acid positions 19 to 23 (LASCG) corresponding to the "lipobox." The function of TraC has been previously described (35, 36) . It is a surface lipoprotein that binds exogenous pheromone or inhibitor peptide and transfers it to a host-encoded oligopeptide uptake system. TraC is also similar to oligopeptide-binding proteins in E. coli, Salmonella enterica serovar Typhimurium, Bacillus subtilis, and Lactococcus lactis (7, 56) .
ORF12 (designated traB) encodes a predicted product of 384 residues with a molecular mass of 43.5 kDa. The deduced TraB protein has hydrophobic residues in its C-terminal structure. Comparisons of the amino acid sequence of TraB with those TraB from plasmid pPD1 and PrgY from pCF10 and pAD1 showed significant similarity (with 99.2, 77.1, and 46.4%, respectively, of the aligned amino acid residues being identical). The TraB protein is thought to be involved in shutdown of endogenous pheromone production in cells carrying the respective plasmid (35, 36) .
Downstream of ORF12, an incomplete open reading frame (ORFE) is transcribed leftward relative to the map in Fig. 2 . The predicted partial amino acid sequence (181 amino acids) showed a strong similarity to the C-terminal end of TraA from plasmid pPD1 (91.4% of the aligned amino acid residues are identical), TraA from plasmid pAD1 (26.9% identity) and TraA from plasmid pAM373 (23.4% identity). The TraA protein is thought to be a negative regulator, which binds DNA and negatively regulates expression of traE1 in plasmid pAD1 (21, 35, 36) . traE1 codes for a protein (TraE1) which positively regulates all or most structural genes related to conjugation (21, 35, 36) . These data support the idea that the plasmid pEJ97 could have a sex pheromone regulation system similar to that of previously described plasmids (such as pPD1).
Concluding remarks. The nucleotide sequence obtained for a 11.3-kb EcoRI-BglII fragment of plasmid pEJ97 from E. faecalis EJ97 provides insights into the genetic organization of enterococcal pheromone-responding plasmids. In this DNA fragment, four modules have been found: the bacteriocin EJ97 determinants, the putative transposase-resolvase genes, the plasmid replication region, and the cluster of pheromone-response genes. The transposon-like structure encompassing the genetic region involved in bacteriocin production, along with the pheromone response genes detected, suggest that production of enterocin EJ97 may be a highly mobile trait that can be transferred from host to host by plasmid mating and also from the transferred plasmid to other plasmids and to the recipient chromosome. Nevertheless, no other strains producing bacteriocin EJ97 have been reported so far. ter and to identify all genes involved in bacteriocin production in E. faecalis EJ97.
